Introduction
Interaction between conduction electrons and the 4f electron on cerium can produce unusual electronic and magnetic effects such as magnetic ordering, heavy fermion behavior or interm ediate valence (IV), where the 4f electron has signifi cantly but not entirely delocalised [1] [2] . A proto typical example of an interm ediate valent material is CePd3, where a strong Kondo interaction gives rise to broad maxima in the Seebeck co-efficient, resistivity and magnetic susceptibility [3] [4] [5] . When small elem ents such as B [3, 6] or Si [3, 5] were in corporated into CePd3, in a perovskite-like fash ion, the IV state was lost with heavy fermion or magnetic ordering [7] the end result. There is no published report of the incorporation of a larger pblock elem ent into the CePd3 structure, until now.
We recently began exploring the Pd-rich region of the Ce-Pd-Sb phase diagram to see if new m ate rials could be found which exhibit interm ediate va lent or heavy fermion behavior. We recently re ported the anti-ferrom agnet Ce3Pd6Sb5 [8] . Of the three other reported ternary phases in this system, CePdSb [9] , CePd2Sb2 [10] and CePdSb2 [11] , only CePdSb is reported to exhibit some Kondo beha vior. In discovering the new phase Ce8Pd24Sb, we are presented with another opportunity to exam ine the sensitivity of the IV state with respect to small changes in local crystal and electronic structure.
* Reprint requests to Prof. Dr. F. J. DiSalvo.
Experimental
A sample of composition "Ce4P d13Sb3 o3 " was prepared by arc-melting of the elements, all of at least 99.9% purity. The bead was turned over sev eral times to ensure homogeneity. The final mass of the bead was consistent with losing 0.03 Sb (1% excess added to com pensate for losses due to high Sb vapour pressure). This bead was subsequently placed in a vitreous carbon crucible (EMC Indu stries, type GAZ-02) and sealed under vacuum in a quartz tube. The tube was then placed within the coil of an induction furnace (A m eritherm Inc.) operating at 195kHz and subjected to the following heat treatm ent. The sample was first re m elted, then cooled to what appeared, by visual inspection, to be just below the melting point. The sample was then annealed at this point, which, by optical pyrometry, was at a tem perature of 1100 °C, for 20 hours before being allowed to cool to room tem perature. The bead was removed from the tube and cooled to 77K in the hopes that the hard bead would be more brittle at liquid nitrogen tem perature. The bead was broken apart under li quid nitrogen in an alumina mortar. A fter the first break, it became apparent that a single crystalline region approxim ately 1.5mm thick was present at the bottom of the bead. F urther breaks enabled the isolation of both single crystals and multi-crys talline fragments. Inspection of the vitreous car bon crucible under a 40x microscope revealed no evidence of attack of the crucible. The crystals iso lated are air-stable and jet black in colour with a mirror-like finish. Following the single crystal study, a sample of the title composition was pre pared by arc-melting as above, placed in a section of tantalum tubing and sealed under vacuum in 0932-0776/96/0100-0052 $06.00 © 1996 Verlag der Zeitschrift für Naturforschung. All rights reserved. N quartz. This bead was annealed for 2 weeks at 900 °C.
Precession photographs of a single crystal nee dle mounted on a glass fibre were taken using an Enraf-Nonius Diffractis 601 and zirconium-filtered molybdenum K a (A = 0.71073Ä) radiation. Single crystal intensity data for this same crystal were collected on a Siemens P4 automatic 4-circle diffractometer using graphite monochromatized molybdenum K a radiation and controlled by the XSCANS program [12] . Powder diffraction data was collected on a SCINTAG 6-26 Diffractom eter using Cu Ka! radiation. Powder diffraction data on the sample of composition Ce8Pd24Sb was ana lysed using the program T R E O R [13] and the re sulting cell param eters were refined by a leastsquares technique. Using the LAZY-PULVERIX program [14] , a theoretical pattern was calculated for comparison to the observed powder pattern. Magnetic measurements were perform ed by the Faraday technique on polycrystalline m aterial from the sample prepared at the title stoichiometry. Magnetic susceptibility data was fit to a CurieWeiss expression as described previously [15] .
Results and Discussion

Crystal structure
Precession photographs revealed strong peaks that indicated a cubic cell with a lattice constant of 4.2A but the presence of weak reflections corre sponding to twice this lattice param eter indicated the existence of a cubic supercell. No systematic zeros were observed in the photographs, leading to possible space groups P23, Pm3, P432, P43m and Pm3m. Consideration of additional symmetry in the photographs suggested a Laue symmetry of m3m. The Laue subroutine of the XSCANS pro gram also indicated m3m symmetry which ex cludes the first 2 possible space groups. R efine ments were carried out in Pm3m (No. 221), which is also the symmetry of CePd3. Crystallographic data and details of the data collection are sum m a rised in Table I [16] .
The starting atomic param eters were deduced from an interpretation of direct methods [17] and the structure was then successfully refined using SHELXL-93 [18] with anisotropic displacement parameters for all atoms. Initially, only the Ce and Pd positions were determ ined, with the Sb posi tion becoming apparent from the difference Fou- a U eq is defined as one third of the trace of the orthogonalized Uy tensor. Table IV .
The structure of Ce8Pd24Sb (Fig. 1) is of a new type, being composed of distorted perovskite and Cu3Au subcells. The large size of the Sb atom is presumed to be driving the distortion since only an expansion of the lattice has been observed when a small atom such as B occupies the body-centre interstitial site in CePd3 [3, 5, 6] , Fig. 2a shows the distorted perovskite unit "CeSbPd3" with an ad joining distorted Cu3Au unit. The Cu3Au unit found at the centre of the unit cell (Fig. 2b) is essentially an expanded C ePd3 cell 4.207(1)A on edge (versus 4.126Ä in binary CePd3 [3] ), which is comparable to what Kappler et al. [3] refer to as "magnetic C ePd3". It is evident from Fig. 2a that the Sb atom has pushed the Pd(2) atoms outward from the face of the perovskite cell. A close Pd(2)-Sb distance of 2.633(1 )A indicates a strong interaction between these two types of atoms when compared to the sum of their covalent radii, 2.68Ä. Such close PdSb contact has also been observed in Ce3Pd6Sb5 (2.629Ä) [8] and in EuPd2Sb2(2.601A) [10] . All other near-neighbour distances are comparable or larger than the sum of the appropriate covalent radii. The C e-P d(l) and Ce-Pd(3) distances are both com parable to the Ce-Pd distance in CePd3 (2.97Ä) while the Ce-Pd(2) distance is some 2.5% larger due to the displacement of Pd (2) from the face of the perovskite sub-cell. The Ce-Ce distance is also larger, being 4.207A between nearest ce rium atoms within the cell and 4.254A between adjacent cells which are 2 -3 % increases over that in C ePd3 (4.126A [3] ). These Ce-Ce distances are com parable to the limiting cell size when B, Be, Si or Ge [3] are incorporated into the centre of a C ePd3 cell. It is also interesting to note that, while in CePd3 all Pd-Pd near-neighbour distances are 2.97Ä, in Ce8Pd24Sb, the Pd(2)-Pd(3) and Pd(3)-Pd(3) distances are significantly shortened to 2.765(1)A and 2.791Ä, respectively. Both of these distances are comparable to the Pd-Pd distance in palladium m etal (2.751Ä) [19] . Overall, the struc ture of Ce8Pd24Sb could be viewed as a perturba tion on C ePd3.
Magnetic susceptibility
The inverse of the magnetic susceptibility from 3K to 320K is shown in Fig. 3 . No ordering is observed down to 3K but analysis of the data from 100K -320K indicates an anti-ferromagnetic Weiss constant of -15(3)K and an effective cerium mom ent of 2.45(4)//B. Deviations from Curie be havior below 100K may be due to crystal field splitting of the cerium 4f* level, resulting in some tem perature dependence to the cerium moment. Additional changes in slope below 50K may indi cate the onset of significant magnetic fluctuations. Since the Weiss constant derived from high tem perature data is the result of both exchange and crystal field effects [15] , it is not possible to simply extract the exchange energy. In contrast to CePd3, the effective cerium m om ent in Ce8Pd24Sb is con sistent with tri-valent behavior. No feature that could be associated with a strong Kondo interac tion is apparent. In perturbing CePd3 by incorpo rating one antimony per 8 C ePd3 units, with the accompanying small distortions, the intermediate valent state is lost.
Conclusions
We have prepared and isolated crystals of a new ternary phase close in composition to the interm e diate valent material C ePd3. This new ternary phase, Ce8Pd24Sb, is a cubic compound composed of expanded CePd3 units and distorted "CePd3" and perovskite "CeSbPd3" units. Magnetic m ea surements indicate an effective moment of 2.45(4)^ib per cerium with no apparent magnetic order above 3K. Substitution of other large ele ments of the p-block is underway.
